We observed the 2014 superoutburst of the SU UMa-type intermediate polar CC Scl. We detected superhumps with a mean period of 0.05998(2) d during the superoutburst plateau and during three nights after the fading. During the post-superoutburst stage after three nights, a stable superhump period of 0.059523(6) d was detected. We found that this object is an eclipsing system with an orbital period of 0.058567233(8) d. By assuming that the disk radius in the post-superoutburst phase is similar to those in other SU UMa-type dwarf novae, we obtained a mass ratio of q=0.072(3) from the dynamical precession rate of the accretion disk. The eclipse profile during outbursts can be modeled by an inclination of 80.
Introduction
Cataclysmic variables (CVs) are close binary systems consisting of a white dwarf and a red (or brown) dwarf transferring the gas via Roche overflow [for a general review of CVs, see Warner (1995) ; Hellier (2001) ]. Dwarf novae (DNe) are a subclass of CVs that show outbursts. SU UMa-type dwarf novae are a class of DNe that show long-lasting superoutbursts in addition to short, normal outbursts. During superoutbursts, superhumps, which have a period a few percent longer than the orbital period, are observed. It is widely believed that outbursts in DNe are caused by thermal instability of the accretion disk and superoutbursts and superhumps are caused by tidal instability arising from the 3:1 resonance in the accretion disk with the orbiting secondary [thermal-tidal instability (TTI) model; (Osaki 1989) ; see Osaki (1996) for a review]. Quite recently, this picture has become even more firmly established by analyses of Kepler observations (Osaki, Kato 2013a; Osaki, Kato 2013b) .
Although the TTI model does not explicitly consider the effect of magnetism of the white dwarf, some CVs have magnetic fields of the white dwarf strong enough to affect the dynamics in the accretion disk. If the magnetic field is strong enough, the accretion disk cannot form and the transferred matter directly accretes on the magnetic poles of the white dwarf. This condition is usually met in polars (AM Her-type objects) in which the strong magnetic field synchronizes the rotation of the white dwarf with the orbital period. In systems with weaker magnetic fields, disks can form but are truncated by the magnetic field in its inner part. This condition is usually met in intermediate polars (IPs) in which the white dwarf rotates asynchronously with the orbital period [for a review of IPs, see e.g. Patterson (1994) ].
Several DNe have been confirmed to be IPs; especially notable are GK Per (Watson et al. 1985) 1 and DO Dra (Patterson et al. 1992; Patterson, Szkody 1993) .
2 They are both objects above the period gap and are not expected to develop tidal instability. In recent years, several DNe below the period gap have been identified or proposed to be IPs, including CC Scl, the subject of this paper. The inner disk is supposed to be truncated in such systems, and it may affect the global dynamics of the disk in outburst. Such a system is expected to provide us insight into the effect of magnetism in development of outbursts and superoutbursts, and may eventually help us better understanding the mechanism of outbursts and superhumps.
CC Sculptoris
CC Scl was discovered as a ROSAT source (RX J2315.5−3049) and was optically identified as a dwarf nova, although outbursts had not been detected (Schwope et al. 2000) . R. Stubbings visually detected two outbursts in 2000 (vsnet-outburst 245, 810) . During the second outburst, Ishioka et al. (2001) detected likely superhumps with a period of 0.078 d and amplitudes of ∼0.3 mag. The orbital period, however, was reported to be much shorter (0.058 d) according to Augusteijn et al. (2000, vsnetcampaign 544) . Ishioka et al. (2001) interpreted that this discrepancy may be understood if the object is an IP. The shorter period was later confirmed to be the orbital period (Chen et al. 2001; Tappert et al. 2004) .
During the 2011 superoutburst, Kato et al. (2013a) detected superhumps with a mean period of 0.0600 d. Kato et al. (2013a) , using the least absolute shrinkage and selection operator (Lasso) method (Tibshirani 1996; Kato, Uemura 2012) , demonstrated that the irregular profiles seen in the superhumps in this systems are caused by the superposition of superhumps and orbital modulations. Woudt et al. (2012) , partly using the same data as in Kato et al. (2013a) , identified a superhump period of 1.443 hr (0.0601 d) and also showed that the object is an IP with a spin period of 0.00450801(6) d (389.49 s).
There was an outburst in 2012 August, which turned out to be a normal outburst (vsnet-alert 14880, 14892).
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There was also a normal outburst in 2013 January (vsnetalert 15307).
Observations and Analysis
The 2014 superoutburst was detected by P. Starr on July 2 (cvnet-outburst 6019). The initial peak was actually a precursor outburst and the main superoutburst followed five days later (vsnet-alert 17483). Time-series observations during this outburst started relatively late and were rather sparse compared to the 2011 observation. Although superhumps were detected, the object started fading rapidly within three days (vsnet-alert 17491). We only observed the later part of the superoutburst.
The summary of observations, with mean magnitudes, are listed in table 1. The observer's codes are P. Starr (SPE, 50cm telescope, Warrumbungle Observatory), F.-J. Hambsch (HMB, 40cm telescope in San Pedro de Atacama, Chile) and A. Oksanen (OAR, Harlingten Observatory 50cm Planewave telescope in San Pedro de Atacama, Chile).
In period analysis, we used the 2011 observation ) and the 2012 and 2013 observations from the public data in the AAVSO database 4 in addition to the 2014 observations. We also used the Catalina Real-time Transient Survey (CRTS; Drake et al. 2009) 5 for determining the orbital period.
We adjusted the zero-points between observers and all observations were converted to Barycentric Julian Days (BJD). In making period analysis or obtaining phaseaveraged light curves, we removed the long-term trends by using locally-weighted polynomial regression (LOWESS : Cleveland 1979) .
We used phase dispersion minimization (PDM; Stellingwerf 1978) for period analysis and 1σ errors for the PDM analysis was estimated by the methods of Fernie (1989) and Kato et al. (2010) . We analyzed 100 samples which randomly contain 50% of observations, and performed PDM analysis for these samples. The bootstrap result is shown as a form of 90% confidence intervals in the resultant θ statistics.
Results

Overall Light Curve of Outburst
The overall light curve (lower panel of figure 1 ) clearly indicates the presence of a precursor outburst, followed by temporary fading for at least two days. Although the start of the main superoutburst was not covered by observations, its duration was less than 9 d. This duration is shorter than typical ones (10-14 d) in SU UMa-type dwarf novae with short orbital periods (e.g. Nogami et al. 1998; Baba et al. 2000) . There was no post-superoutburst rebrightening.
The mean fading rate from the precursor outburst for the first two days was 0.84(3) mag d −1 , which is somewhat slower than fading rates of normal outbursts in SU UMatype dwarf novae. The mean fading rate of the plateau stage of the superoutburst was 0.11(1) mag d −1 , which is also typical for an SU UMa-type dwarf nova other than candidate period bouncers (Kato et al. 2014b ). The mean fading rate during the rapid fading from the plateau phase was 1.69(2) mag d −1 . Slow fading at a rate of 0.021(1) mag d −1 continued for more than 20 d after the rapid fading. This feature is frequently seen in SU UMa-type dwarf novae with infrequent outbursts or in WZ Sge-type dwarf novae.
Superhumps during Superoutburst and Early PostSuperoutburst
The times of superhump maxima were determined by the template fitting method as described in Kato et al. (2009a) . The results during the superoutburst are listed in table 2. Due to the limited coverage during the superoutburst, the statistics were rather poor. As shown later (subsection 5.1), this superhump period persisted up to three days after the rapid fading from the superoutburst plateau. Figure 2 shows the PDM analysis and phaseaveraged profile during the superoutburst and the three nights just after the superoutburst. The best period by the PDM method was 0.05998(2) d.
Post-Superoutburst Superhumps
During the post-superoutburst stage except the initial three nights, a PDM analysis yielded a stable period of 0.059523(6) d (figure 3). The period is considerably shorter than the period of superhumps during the superoutburst. The times of post-superoutburst maxima (including the initial three nights) are listed in table 3.
Orbital Variations
The reported orbital period of 0.05763 d (Woudt et al. 2012) could not be detected in the analysis of the postsuperoutburst data (figure 3). We should note that if 0.05763 d is the true orbital period, the fractional superhump excess ǫ ≡ P SH /P orb − 1=4.3%, using the values in Woudt et al. (2012) , is too large for this orbital period.
We alternately propose the orbital period of 0.058566 (2) . By adopting this period, the orbital light curve turned out to show a shallow eclipse with double orbital humps. superoutburst. The phase plot of the CRTS observations is also shown in figure 5. Although eclipses are not very clear in the CRTS data, orbital modulations having a hump maximum around phase 0.8 were recorded and the overall appearance appears to be consistent with the 2014 post-superoutburst observations in quiescence. The quiescent orbital profile resembles those of low mass-transfer rate objects such as WZ Sge-type dwarf novae [see e.g. WZ Sge and AL Com , V455 And (Araujo- Betancor et al. 2005; Kato et al. 2009a ), V386 Ser (Mukadam et al. 2010) , EZ Lyn (Kato et al. 2009b; Zharikov et al. 2013) , BW Scl (Augusteijn, Wisotzki 1997; Kato et al. 2013a) ], although the doublewave orbital humps are less clear in CC Scl. A classical interpretation assuming a semi-transparent accretion disk allowing the light from the hot spot to escape in two directions (Skidmore et al. 2000) would be a viable interpretation. Although eclipses became less apparent in outburst, they continued to be present (figure 6). Orbital humps almost disappeared in outburst.
Discussion
Identification of Superhump Stages
By using the new orbital period, the fractional superhumps excesses are found to be within a reasonable region: 2.6% for the 2011 data, 2.4% for the 2014 data during superoutburst and 1.6% for the post-superoutburst data in 2014, respectively.
In most SU UMa-type dwarf novae, shortening of the superhump period is not usually observed following the rapid fading from the superoutburst, and the period after the fading is usually the same as that of stage C superhumps, which are late-stage superhumps with almost constant periods [for the definition of superhump stages, see Kato et al. (2009a) ]. Such shortening of the superhump period immediately following the rapid decline apparently is unique to CC Scl.
The difference of fractional superhump excesses during the superoutburst and post-superoutburst is 0.8-1.0%, which is similar to what is usually observed between stage B and C superhumps (Kato et al. 2009a) . We therefore identify the superhumps during the post-superoutburst phase to be stage C superhumps and those during the superoutburst to be stage B superhumps, respectively. There was no phase jump between these stages (see upper panel of figure 1 ). There was no evidence of "traditional" late superhumps, in which an ∼0.5 phase jump is observed (e.g. Vogt 1983 ). This finding strengthens our interpretation of the period change as stage B-C transition [see Kato et al. (2009a) for the lack of a phase jump between stages B and C].
Since the duration of the 2014 superoutburst was relatively short (less than 9 d excluding the precursor part; the duration of the 2011 superoutburst was less constrained but was shorter than 11 d), it may be possible that the superoutburst ended earlier than in other SU UMa-type dwarf novae and the stage B-C transition was consequently recorded in the later phase of the outburst than in other SU UMa-type dwarf novae. Such early termination of the outburst can be reasonably explained assuming that the inner part of the disk is drained by the magnetic field of the white dwarf (Woudt et al. 2012 ). Since stage B-C transition was not apparently affected by this effect, we can suggest that stage C superhumps originate from the outer part of the accretion disk, rather than the inner part. Further observations of superhumps in such systems may shed light on the origin of still unresolved stage C superhumps.
Orbital Parameters
Since we did not observe stage A superhumps, we could not directly apply the modern method of estimating the mass ratio (q) from the fractional superhump excess (Kato, Osaki 2013) . We can, however, constrain q using the post-superoutburst superhumps. This method was introduced in Kato et al. (2013b) . We repeat the essence of the method for clarity. The dynamical precession rate, ω dyn in the disk can be expressed by (see, Hirose, Osaki 1990) :
where ω orb and r are the angular orbital frequency and the dimensionless radius measured in units of the binary separation A. The dependence on q and r are
and 
This ω dyn /ω orb is equivalent to the fractional superhump excess (in frequency) ǫ * ≡ 1 − P orb /P SH and it is related (1) is used. Time-series observations fainter than 16 mag were used. to the conventional fractional superhump excess (in period) ǫ by a relation ǫ * = ǫ/(1 + ǫ). This dynamical precession rate is considered to be equal to the observed ǫ * when the pressure effect can be ignored. This condition is achieved either if the superhumps are confined to the region of the 3:1 resonance (stage A superhumps) or the disk is cold such as in a state of post-superoutburst superhumps (Osaki, Kato 2013b) .
We can express fractional superhump excesses (in frequency unit) of post-superoutburst superhumps as follows:
where ǫ * (post) and r post are the fractional superhump excess and disk radius immediately after the outburst, respectively.
In various SU UMa-type objects other than WZ Sge- type dwarf novae with multiple rebrightenings, the value of r post has been experimentally known to be in a narrow region 0.37-0.38A, where A is the binary separation (Kato, Osaki 2013) . By assuming this r post in CC Scl, we can estimate q=0.072(3) (the error corresponds to the error of ǫ * ). This value is within a range of 0.06 < q < 0.09 in Chen et al. (2001) , who assumed the mass-radius relation for a normal lower main-sequence secondary.
By assuming q=0.072, we can constrain the binary inclination by modeling the eclipse profile in outburst. As in the section of MASTER OT J005740.99+443101.5 in Kato et al. (2014a) , we modeled the eclipse light curve. We assumed flat and axisymmetric geometry and a standard disk having a surface luminosity with a radial dependence ∝ r −3/4 (i.e. assuming that we observed the RayleighJeans tail of the emission from the hot disk). The secondary is assumed to fill the Roche lobe. Although these assumptions on the disk are rough, they will not seriously affect the results. In the present case, this is because the central part of this disk needs to be grazingly eclipsed to reproduce the shallow eclipse in outburst, and the result is very insensitive to the condition in the outer part of the disk (either radius or the existence of disk flaring). For an optically thick disk with a broad range of radius 0.33-0.46A, an inclination value of i=80.
• 6 best reproduced the observed eclipse depth of 0.11 mag (figure 6, in which the case of 0.41A is shown as an example). The uncertainty in i was less than 0.
• 5. The depth of eclipses is deeper in quiescence. This is likely caused by the contribution from the hot spot.
Spin Modulations
After the detection of the IP spin modulations by Woudt et al. (2012) , we re-examined our data in 2011 and examined the present data in 2014. The spin period could be detected in outburst observations both in 2011 and 2014. Using the PDM method, the 2011 observation yielded a period of 0.0045076 (2) . Spin modulations in postsuperoutburst stage were not clearly detected in Lasso analysis since short (2.5 d) windows were used. Since the system brightness faded by ∼3 mag after the superoutburst, the pulsed flux decreased by a factor of 15-30 after the outburst. This phenomenon can be naturally understood by considering that the pulsed flux reflects the intensity of the accretion column on the magnetic pole and that the accretion rate dramatically decreased after the outburst. This behavior is consistent with X-ray observations in Woudt et al. (2012) .
Implication on Disk Instability Model
Among IPs, V455 And (Araujo-Betancor et al. 2005; Silvestri et al. 2012 ) has been the only object that showed a WZ Sge-type superoutburst [although there has been a claim that WZ Sge (e.g. Warner, Pretorius 2008) is also an IP, the situation is less clear]. CC Scl is the first IP that confidently exhibits a superoutburst of an ordinary SU UMa-type dwarf nova, rather than an extreme superoutburst of a WZ Sge-type dwarf nova. This finding suggests that the basic mechanism causing ordinary SU UMa-type superoutbursts is not strongly affected by the magnetism of the white dwarf. The standard TTI model (Osaki 1989 ) requires the 3:1 resonance to trigger a superoutburst. The radius of the 3:1 resonance is the outermost achievable radius in ordinary SU UMa-type dwarf novae. This radius is larger than any radius in outburst cycles of normal outbursts, and if the disk is sufficiently present (or not so strongly truncated) to exhibit normal outbursts, we can expect that the magnetism will less affect the disk at the radius of the 3:1 resonance. We can thus expect to see superoutbursts if the total angular momentum accumulates during the cycles of normal outbursts and the disk radius eventually reaches the 3:1 resonance on the occasion of an outburst. This is exactly what is seen in CC Scl, and the observed behavior is in agreement with the TTI model considering a partial truncation of the inner disk.
It is worth noting that a precursor outburst was also seen in CC Scl. In the TTI model, the precursor outburst is the final normal outburst during which the expansion of the disk brings its radius to the 3:1 resonance. Since this phenomenon takes place also in the outermost part of the disk, it would be a natural consequence that magnetism does not strongly affect the appearance of the precursor outburst. We should discuss the outburst behavior of other IPs among dwarf novae below the period gap. HT Cam is an established IP (Tovmassian et al. 1998; Kemp et al. 2002; Evans, Hellier 2005; de Martino et al. 2005 ). This object shows only brief outbursts with extremely rapid fading rates (Kemp et al. 2002; Ishioka et al. 2002) . These outbursts are reported to occur quasi-cyclically, and can be regarded as a consequence of thermal instability (Ishioka et al. 2002; Woudt et al. 2012) . Despite that HT Cam should have a mass ratio low enough to develop the 3:1 resonance, no superoutburst has been recorded. As discussed in Woudt et al. (2012) , the disk in HT Cam may be more strongly truncated than in CC Scl, and this may be responsible for the difference in outburst behavior. We should continue to see whether HT Cam never shows a superoutburst. FS Aur is an enigmatic object below the period gap. Although this object has an orbital period of 0.05958096(5) d Neustroev et al. 2013) , only short (normal) outbursts were observed with short (∼12 d) recurrence times (Geßner 1989; Andronov 1991) . Neustroev et al. (2012) reported that the recurrence time of the normal outbursts was relatively short and stable (18±2.5 d). VSNET and AAVSO observations since 2010 have basically confirmed this outburst property. Neustroev et al. (2013) suggested that this object is an IP. The light behavior, however, is totally different from either HT Cam or CC Scl. FS Aur shows short outbursts similar to ordinary SU UMa-type normal outbursts, and does not show extremely rapid fading as seen in HT Cam [the fading rate during the linear fading part is reported to be ∼0.8 mag d −1 (Neustroev et al. 2012) , which is an ordinary value for normal outbursts of SU UMatype dwarf novae.
7 ] Judging only from the morphology of [Vol. , outbursts, there does not seem to be an indication of truncation of the disk. Some outbursts of FS Aur are longer than others, but superhumps have not yet been definitely detected. Both the IP status of this object and the possible presence of a superoutburst or superhumps need to be explored further.
Summary
We observed the 2014 superoutburst of the SU UMatype intermediate polar CC Scl. We detected superhumps with a mean period of 0.05998(2) d during the superoutburst plateau and during three nights after the fading. During the post-superoutburst stage after three nights, a stable period of 0.059523(6) d was detected. In addition to these periods, we found that this object has shallow eclipses and reached the identification of the orbital period of 0.058567233(8) d by using the available data since 2011 and the CRTS data in quiescence. We identified the superhump period during the superoutburst plateau to be stage B superhumps (according to the definition by Kato et al. 2009a ) and post-superoutburst superhumps to be stage C superhumps. Such a late transition to stage C superhumps has not been observed in other systems and we consider that premature quenching of the superoutburst may be responsible for this phenomenon. By adopting the experimentally determined disk radii in other SU UMa-type dwarf novae in the post-superoutburst phase, we obtained a mass ratio of q=0.072(3) from the dynamical precession rate of the accretion disk. A modeling of the eclipse profile during outbursts yielded an inclination of 80.
• 6±0.
• 5. The 2014 superoutburst was preceded by a precursor outburst and the overall appearance of the outburst was similar to a superoutburst in ordinary SU UMa-type dwarf novae. We discuss that the standard thermal-tidal instability model can explain the outburst behavior in this system and suggest that inner truncation of the disk by magnetism of the white dwarf does not strongly affect the behavior in the outer part of the disk. Spin modulations were also recorded during outbursts, and were enhanced by a factor of 15-30 compared to the post-superoutburst state. This can be naturally explained by the increased accretion rate during outbursts. This work was supported by the Grant-in-Aid "Initiative for High-Dimensional Data-Driven Science through Deepening of Sparse Modeling" from the Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan. We are grateful to the Catalina Realtime Transient Survey team for making their photometric database available to the public. We acknowledge with thanks the variable star observations from the AAVSO International Database contributed by observers worldwide and used in this research. We thank an anonymous referee for improving the paper. We thank K. Isogai and recorded in the AAVSO database and we do not consider it convincing. Since this faster fading rate was recorded only for a brief time (less than 1 d), intrinsic erratic variations of the object or systematic difference in the zero-point between different observers may have affected the conclusion in Neustroev et al. (2012) .
T. Ohshima for helping the compilation of the observation.
